This study investigated the association between sleep duration, fat mass, lean mass and obesity. Participants of this cross-sectional study were 16 905 adults included into the 4th and 5th Korea National Health and Nutrition Examination Surveys. Sleep duration was assessed by self-reported survey and categorized into ≤ 5, 6, 7, 8 and ≥ 9 h per day. The group reporting 7 h of sleep per day (comprised of those sleeping 7-8 h per day) was used as the reference group. Body composition was measured by dual X-ray absorptiometry (DEXA). Obesity was defined based on the criteria from the Korean Society for the Study of Obesity. Least-squares means of fat mass index (FMI) and lean mass index (LMI) adjusted for age, employment status, comorbidities and physical activity were used to assess the relation between sleep duration and body composition. Multivariable logistic regression was used to calculate the adjusted odds ratios (aOR) and 95% confidence intervals (95% CI) of obesity according to sleep duration after adjusting for sociodemographic and health-related factors. After adjustment, FMI increased with fewer hours of sleep (P for trend: < 0.001) and LMI decreased with more hours of sleep (P for trend: 0.011). Compared to the reference group, sleep-deprived individuals were 1.22 times more likely to have general obesity (aOR: 1.22; 95% CI: 1.03-1.45) and 1.32 times more likely to have abdominal obesity (aOR: 1.32; 95% CI: 1.10-1.58). Our findings suggest that sleep deprivation might be related to an increase of fat mass and obesity, while oversleeping could be linked to a reduction of lean mass.
IN TROD UCTI ON
Sleep duration has been linked to a number of health conditions. Previous studies have suggested that change in sleep duration is related to various diseases, ranging from hypertension (Gangwisch et al., 2006) and diabetes mellitus (Mallon et al., 2005) to weight gain (Lyytik€ ainen et al., 2011) and obesity (Hasler et al., 2004) . Reviews based on numerous studies on sleep duration and obesity showed that short sleep duration is related to increased body mass index (BMI) or obesity (Knutson, 2012; Spiegel et al., 2009 ) and subsequent weight gain (Magee and Hale, 2012) . However, based on one review (Marshall et al., 2008) , the authors indicate that the studies on the association between sleep duration and subsequent weight gain showed inconsistent results for the studies with children and adults. Therefore, up-to-date studies are necessary to clarify the relationship between sleep duration and obesity from a public health perspective.
While these studies considered mainly the relationship between sleep duration and obesity, the change in body composition (fat mass and lean mass) according to sleep duration might add more clinical significance to what was known previously about sleep duration and obesity. In a recent study (Kahlh€ ofer et al., 2016) that investigated the relationship between sleep quality and fat mass among college students in Germany, the authors showed that poor sleep efficiency is related to higher fat mass, and the results may differ between working and non-working days. According to a study published in 1987 (Shapiro et al., 1987) , lean body mass and a certain stage of sleep might be related. Furthermore, evidence on the change of fat mass and lean mass according to sleep duration would be a novel addition to the previous findings, because unbalanced body composition might be a risk factor for negative health outcomes such as cardiovascular disease mortality (Srikanthan et al., 2016) .
Currently, there are not enough studies addressing the relationship between sleep duration and body composition in a large population sample. On the basis of previous studies on sleep duration and obesity and consideration of the importance of body composition, this study aimed to investigate the association between fat mass and lean mass according to sleep hours along with obesity. Thus, we assessed the cross-sectional relationship between fat mass, lean mass and obesity according to sleep duration in Korean adults aged 18-70 years using the 4th and 5th Korea National Health and Nutrition Examination Surveys (KNHANES IV and V) conducted between 2008 and 2011.
MATERI ALS AND METHODS

Study population and data collection
The present study was conducted using the 4th and 5th Korea National Health and Nutrition Examination Surveys (KNHANES), nationwide surveys representing the noninstitutionalized civilian population of Korea. KNHANES IV and V were organized by the Korean Ministry of Health and Welfare from 2008 to 2011 and included health survey and large-scale whole-body dual energy X-ray absorptiometry (DEXA). Selection of the household units and participants for KNHANES IV and V were processed based on a complex, multi-stage, probability sampling design. Details of the KNHANES IV have been described elsewhere (Kweon et al., 2014) . The initial candidates for the present study were those who participated in KNHANES IV and V (n = 37 753). First, we selected participants who completed DEXA measurements (n = 21 303). Among the original 37 753 participants, only approximately half (56.4%) had DEXA measurement data, because 16 540 participants were only willing to visit the health survey interviewers or were unavailable for the measurement. Secondly, from 21 303 participants with both health survey and DEXA measurement data, we excluded those aged less than 18 years (n = 1802) and more than 70 years (n = 2496). Thirdly, among this population (n = 17 005), men and women who did not answer the sleep duration questionnaire or responded 'I do not know' to the sleep duration question were additionally excluded (n = 100). The final study population included 16 905 individuals (7319 men and 9586 women). The selection procedure for the study population is presented in Fig 1. 
Assessment of sleep duration
As a part of KNHANES, a questionnaire containing the self-reported daily sleep duration was used to assess the sleep duration among the study population. The survey question regarding sleep duration reads 'How many hours do you usually sleep per day?' and the participants were asked to answer between 1 and 24 h a day, or 'I do not know'. Sleep duration was grouped into ≤ 5, 6, 7, 8 and ≥ 9 h of sleep per day; fewer than 5 h of sleep per day was regarded as sleep deprivation, and more than 9 h of sleep per day was considered oversleeping. Seven h of sleep per day was used as the reference group for this study, because the mean sleep duration (AE standard deviation) was 6.85 (AE 1.34) in the total study population (n = 16 905), 6.84 (AE 1.29) in men (n = 7319) and 6.85 (AE 1.39) in women (n = 9586), respectively. The reference group (who reported 7 h of sleep per day) consisted of participants sleeping 7-8 h on a daily basis. The National Sleep Foundation's sleep time duration recommendation for younger adults (18-25 years), adults (26-64 years) and older adults (≥ 65 years) also was taken into account for selection of the reference category (Hirshkowitz et al., 2015) .
Assessment of body compositions
All the participants in KNHANES were asked to undress and wear a special gown prior to the DEXA measurement. Height and weight were measured without any socks and accessories. Body mass index (BMI) was accessed by the following equation: weight in kilograms (kg) divided by height in metres squared (m 2 ). The waist circumference was measured at the point of mid-axillary line to the lower part of the rib, setting the two points in the upper iliac crest. A ruler was used for the examination and measurement of the waist circumference. Total fat mass and lean mass were measured from DEXA. Total fat mass (kg) and lean fat mass (kg) were were then divided by height squared (m 2 ) to calculate the fat mass index (FMI) and lean mass index (LMI), represented in kg m 2 .
Obesity: criteria and classification in Korean adults
The definition of obesity in Korean adults has a slight variation from the international standards suggested by the World Health Organization (WHO), which was based primarily on the western population (Flegal et al., 2002; Scopinaro et al., 2011) . For this study, obesity was classified into general obesity (BMI ≥ 25 kg m 2 ) and abdominal obesity (≥ 90 cm in men and ≥ 85 cm in women), according to the criteria from the Korean Society for the Study of Obesity (Park et al., 2009 (Kearney et al., 2005) .
Statistical analysis
In this study, we used least-squares means adjusted for age, employment status, comorbidities and physical activity to access the association between sleep duration and body composition for the total study population, men and women. Based on multiple linear regression, the linear trend of adjusted means for FMI and LMI were tested across sleep duration. To adjust for sociodemographic factors, health behaviour and health status, we used multivariable logistic regression in order to calculate the adjusted odds ratio (aOR) and 95% confidence intervals (95% CI) of general and abdominal obesity according to sleep duration. Based on the health survey questionnaire, we collected data for the presence of health conditions known to be related to obesity and overweight (such as type II diabetes, hypertension, stroke, asthma, osteoarthritis, colorectal and breast cancer) (Guh et al., 2009) and grouped the study population into two categories: (1) participants with any of comorbidity linked to obesity and overweight and (2) those without any comorbidity known to be affecting obesity and overweight. We adjusted comorbidity as a covariate in the ª 2017 European Sleep Research Society adjusted analysis. We performed the estimation command 'svy' in the statistics/data analysis program to take the sampling weights into account in order for the results to represent the entire population of the Republic of Korea. P < 0.05 was considered statistically significant for all results. All statistical analysis was performed using STATA version 13.0 (STATA Corp., College Station, TX, USA).
Ethics
Prior to the survey, all participants of KNHANES VI and V provided informed consent. As the national survey data used for this study was publicly available from the Korea Centers for Disease Control and Prevention (www.cdc.go.kr), no ethnical approval from our Institutional Review Board was necessary.
RESUL TS
Characteristics of the study population Table 1 represents the general characteristics of the total study population and male and female participants. More women (n = 986) participated in the survey than men (n = 7319). Overall, 13.3% of men and women (n = 2254) were sleep-deprived (fewer than 5 h of sleep per day) and 7.6% of men and women (n = 1284) were oversleeping (more than 9 h of sleep per day More than one-third of men (36.7%) had general obesity, but only approximately a quarter of women had general obesity (27.8%). The prevalence of abdominal obesity among men (25.8%) was also higher than women (23.9%).
Adjusted mean of fat mass and lean mass according to sleep duration
The association between sleep duration, fat mass and lean mass is presented in Figs 2 and 3. Age, employment status, comorbidity and physical activity-adjusted least-squares means of FMI increased significantly with fewer hours of sleep in total and female participants (P for trend < 0.001 and P for trend: 0.017, respectively), but not in male participants (P for trend 0.072). Age, employment status, comorbidity and physical activity-adjusted LMI decreased significantly with more hours of sleep for total, male and female participants (P for trend: 0.011, P for trend < 0.001 and P for trend: 0.039).
ORs of general obesity and abdominal obesity according to sleep duration
Total and sex-stratified crude and adjusted analyses for the assessment of relationship between sleep duration, general obesity and abdominal obesity is shown in 
DISCUSSION
This cross-sectional study, comprising Korean adults aged 18-70 years, found an association between short sleep duration and an increase of total fat mass and obesity and a relationship between oversleeping and a decrease in lean mass. In addition to the association between sleep duration and obesity, our study examined the association between sleep duration and body composition measured by DEXA in men and women. The findings of this study in the assessment of the relationship between short sleep duration and obesity is consistent with the meta-analysis based on cross-sectional studies (Cappuccio et al., 2008 ) on short sleep duration and an increased risk of obesity. From sexstratified analysis for the association between sleep duration and obesity, the group with short sleep duration had the highest odds for general and abdominal obesity compared to the reference group only among women. We found no association between short sleep duration and obesity in men. Our study suggests that reduced sleep duration is linked to higher fat mass, while excessive sleep duration is related to lower lean mass. There are a few possible mechanisms concerning the relationship between short sleep duration and an increase of fat mass. In a cross-sectional analysis of body fat indices and leptin levels in adults based on the Qu ebec Family Study, short sleep duration was associated with decreased leptin level (Chaput et al., 2007) . A reduced leptin level can disturb the regulation of fat storage and lead to accumulation of adipose tissue (Friedman and Halaas, 1998) . Moreover, the Wisconsin Sleep Cohort Study showed that participants with short sleep duration had reduced leptin and elevated ghrelin levels (Taheri et al., 2004) . In addition to decreased levels of leptin, higher ghrelin levels can trigger appetite and misguide the distribution of energy use, which ª 2017 European Sleep Research Society can also contribute to an increase of fat storage. The change in metabolic hormone level induced by shortened sleep duration may affect body fat mass. However, further studies are warranted to confirm the underlying mechanisms that could modulate the association between short sleep duration, fat mass and obesity along with the sex difference.
The association between oversleeping and a decrease of lean mass may be explained by sleep disturbances and cortisol secretion among long sleepers in this study. The oversleeping participants (who reported that they usually sleep more than 9 h per day) in this study might be the individuals who experience disturbance concurrently during long sleep hours, as previous studies have shown that long sleep is associated with depression (Patel et al., 2006) and might be a result of unidentified comorbidities (Stranges et al., 2008) . Therefore, we speculate a possible link between self-reported long sleep duration and sleep disturbance. According to a cross-sectional study based on Phase 7 of the Whitehall II Study, self-reported sleep disturbance is associated with an elevated level of cortisol (Kumari et al., 2009) , which is known to stimulate muscle degradation. Little is known about the exact mechanisms related to oversleeping and decreased lean mass, and only a few studies have examined the relationship between oversleeping and lean mass. In a recent study based on prospective birth cohort data, the authors found that female participants who reported inadequate sleep in the first follow-up (at age 11 years) but reported adequate sleep later in the second follow-up (at age 18) had increased fat free mass (Sch€ afer et al., 2016) . The result from this study is contrary to our finding, but the age of the study population needs to be considered carefully. Among adolescents, adequate sleep might be helpful in developing fat-free mass because of growth hormone secretion that occurs during sleep (Takahashi et al., 1968) . Although there are a few possible explanations for the relationship between oversleeping and reduced lean mass, more evidence is necessary to understand the potential reasons for this association. The sex difference in the association between sleep duration, body composition and obesity in this study may be explained partially by the difference in energy and fat metabolism between men and women. Compared to men, women have lower daily energy expenditure regardless of the difference in fat-free mass (Carpenter et al., 1998; Morio et al., 1997) , which suggests that women are generally at a higher risk for obesity than men (Lovejoy and Sainsbury, 2009) . Additionally, the sex difference in fat mass among short sleepers may be due to the effects of different fat metabolisms between men and women. A previous study suggested that women are more likely to re-uptake nonesterified fatty acid (NEFA) into adipose tissue at a higher rate, and also have higher fatty acid metabolism during physical activity compared to men (Power and Schulkin, 2008) . Despite the biological plausibility underlying the sex difference in fat mass, lean mass and obesity according to sleep duration, no studies have yet shown the exact mechanism for this disparity. Thus, further studies are needed of sex differences in the association of body composition and obesity with sleep hours.
This study had several limitations. First, we were not able to determine the order of events and the exact cause and effect relationship between sleep duration, body composition and obesity, because this study was based on cross-sectional data. For instance, obese individuals may experience sleep deprivation because of upper airway dysfunction during sleep (Schwartz et al., 2010) . Based on our analysis, it is unclear whether the participants of this study became obese due to short sleep or participants with obesity had reduced hours of sleep. In addition, due to the cross-sectional nature of the study design, we were not able to follow-up the participants of KNHANES IV and V to examine whether FMI and LMI changed significantly according to sleep duration. Thus, prospective cohort studies or clinical trials are needed to investigate further the degree of clinical significance of sleep on body composition. Secondly, certain factors such as genes associated with obesity-related phenotypes (Chagnon et al., 1997) or conditions linked to sleep disturbance (i.e. sleep apnea) could not be considered in our analysis, because these were not included in the KNAHNES VI and V data sets. Thirdly, sleep duration was assessed by only a single question in the survey and relied upon the responses of the participants, instead of being measured, which may have personal reflection bias. Moreover, although sleep quality would be an important factor to consider along with sleep duration, it could not be determined in our study because health survey questionnaires in KNAHNES IV and V did not address quality of sleep. A recent study found that low sleep quality is associated with higher fat mass among healthy college students (Kahlh€ ofer et al., 2016) . Given the content of the KNAHNES IV and V data, we were only able to collect self-reported sleep hours. Future planning and operation of KNAHNES should consider sleep quality in the sleep duration questionnaire. Therefore, these findings should be considered as preliminary. Future studies need to be implemented to understand the mechanism and the relationship between sleep duration, body composition and obesity together. Despite these limitations, the assessment of relationship between sleep duration, DEXA-measured body composition and obesity with a large study population (n = 16 905) strengthens this study.
CONC LUSION
The results of our study suggest that short sleep hours might be associated with an increase of fat mass, general obesity and abdominal obesity, whereas long sleep hours might be related to a decrease of lean mass in Korean adults aged between 18 and 70 years. Adequate sleep hours may be necessary for the prevention of obesity and maintaining a balanced body composition. Further studies are required to confirm such an association. revision of the manuscript for important intellectual content: all authors; statistical analysis: KK; administrative, technical or material support: all authors; study supervision: SMP.
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